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PURPOSE:To obtain a silicon thin film whose crystallinity at a low temperature is good by a method wherein 
a binary material film is grown on a substrate and, in succession, the silicon film is grown on the binary 
material film by an atomic-layer deposition method wherein the substrate is exposed alternately to two 
atmospheres which separately contain individual atoms constituting a binary material. 
CONSTITUTION:By using an atomic-layer deposition method wherein a substrate 1 is exposed alternately 
to two atmospheres which contain individual atoms constituting a binary material, a binary material film 2 is 
grown on the substrate 1, and, in succession, a silicon film 3 is grown on the binary material film 2. Thereby, 
it is possible to obtain the silicon film whose crystallinity is good. 



Inventor(s): 
Applicant(s): 



MATSUMOTO TOMOTAKA; others: 08 
FUJITSU LTD 



Abstract 



Data supplied from the esp@cenet database - 12 



file://C:\DOCUME~1 \mcorona\LOCALS-1\Temp\NetRight\Print\228887J.html 



2/3/2004 



(19)B*MMOT CP) (12) & M 4f & $g (A) (ll)»f*tiJE&WIflHt 

. #$§¥5- 102189 

(43)&BBB W5¥(1993) 4 ^23B 







F T 




















poor 14./9fi 


r DUO 4 1\ 








QfUfl — /IP 








yuoo uvi 


un l T 


9Q *3 1 1 V 

LZ)/ to Oil I 










Ul/ merer*? 
















/oo^ U4BS □ 






T*? 3ft / H M rp w PS. X 'J* ta 1 U 1 D WflB 






<72)»9W 




(3l)«ifc«£^#*f 


#S¥3 -202088 




tt*JllrtUl|***JIKJ^H+lbl5#* 


(32)£ftB 


¥3(1991)8/3130 








B* (J P) 


<72)3BI«# 


#± if 








l«yi|»JII«*'t«IBK±*H«f'1015#* 














(72) BW* 










»&)l|»/Wr1j*IlCK±/hB*l(>15SJl!! 














(74)ftSA 













(54) [mito&m msmnusm* i sv?>n«ikVi'V3>mkh?>?z9c)mi&m 



(57) [gjgj] i©*R©«cAB 



ttO«tV»-> 'J a >©*K£figfif-5 C t & B wt-rs. 

ttfUSI 2 ©±K -> U 3 >& 3 £ C £ 

T-5. 




1 l»(»9IM) Pl.Pj 

Cl , C» SB***" Ni-Ns tf»«A0 

L o-KPv» V1-V5 * 
OF *V>4 *<? 



—555- 



1 

2-D<D%m§MZ&# (1) S3X2tClS-riI^llt«ffilC 
±9, (1) ±C=i7cS«fiK (2) £j£gU 

o^TK-7C**mJlSS (2) ®±tCvU3>K (3) 

[»*^2] ^-yimnm (2) ±^©->ya>i8 
(3) ©j&b«. mtz-7i%tmm (2) 

fcfTfcns ;r tmmttzmxm i §b«© 

[»*«3] lW!B-7C**mBI (2) AI2O3 

set fr^w^« 1 fe«©»«^*a. 
[w*«4] wiE-7c^»»i^ (2) «, vm 

1 iEfc©SIS^>fc£J£. 

[W*JS5] Wta->'J3>K (3) «. S#iag#4 0 
O ■CfiTF-ej^Sn*;: ££ft8£-r*«#Jfi 1 E«© 
fclS^fifc&ifc. 

[9t#«6] SafE*gftvU:J>!lS (2) ©£&£, 

«fc off 5 - i^^mt-rsw^JB 1 mmnnm&j&jj 
&. 

[1**^7] Mfc (1) ©XtSiO*, SiON, SiNC^I* 

navto (i6) sr^-rsxst, 
ic^aicnTK^i*a»fc<fc^TWse«fiii:is (16) 

©±CAh0 3 m (1 7) £j£fiU otJ^TKAhOa IS 
(17) 0±tCv>j3>K (18) *fiES-ri.ra:^ 

iBatxsics* (i) zm?M?mmmmz£r), m 

*« (1) ©±ICA1 2 0 S K (2, 12) Zfc&tZtt 

h\z> 7)is.-V2**'£ts%m%.-vmh03 m (2. 1 
2) ©ri«*i*7u o-3^T&&m (i) 

tct4<. SAhOa 16 (2. 1 2) 'oitil'/ija 
>SI (3. 13) £^JSTSili£ft&i-rSiSIS)iM* 

[Bt#«9] WIBAhOs US (12) fi, MIBS'Ua^K 

(13) ©^fi:etc^ii$ns*T7;P5n^A^# 

#3. tdS^nTVi Sit £#&£TS W#3i 8 8S«©» 

[gt^l 0] mHB7;V5-^A^W^X«. A1(CH3) 3 

2) i «>: &<®8lf?Z>mXm 9 E«©ffRJBjftft£. 
[M#3U l] -TtXttnami-V 5 *> ©-#£«!£* 

f»K. S# (1) *JH^»»Sli-TK*#: (1) ©±K 
M&S 2CJ©jR7-J§ (14a~14d) ££5fC8(Jl-t£I 
St. 

MiB&*!©£Baa^iaDfflL&iiaf2gtt (i) w 



(2) ftM¥5-l 02 1 89 

«fc3lK.C«r**l*ttttfcJ:oTMBami (14a 

-wd) ©±»c-7c^j^e$^g-rsies^-r5i 

ts»*^i 2] w^wi ii3«©AsiCcfco^$nfc 
n5c3R»»H©±fcs/U3Vit (is) fc^&tsxe 

[MUMl 3] (-10 12) ffitCtfifeE|B)bT«^$tl 
5Al»0s SS (2) ©±K, (1 0 0) ffifcffifcEfal/t 

10 is. 

[M#g|14] MMi. 2. 8, 9Xttl2iS«©* 
SjfcioTgft (1) ©±lCAh0 3 SS (2) SrtfrL-Tv' 

WiEvUn>|g (3) <D±\Z>f-bmm® (4) <£^L 

ry-hmts (5) *»dw*:E8fc. 

*By-h«l (5) ©WfiJ©«f8B->»Jri>tt (3) lc 
7-7.E (6) XtfFl^r >Jg (6) S^fSXgt 

# [»^i 5] aeiittstt (i a) ©±cy-h«a 

(lb) &Mtfi?ZXUt. 

WIEffilittSft (1 a) tm&f-h&M (lb) ©± 
IC, W*®1, 2, 8. 9Xttl 2fB«c©^ftlC«fcoT 
Ah0 3 K (2) R^>U3>i (3) Sr^fiK-TSXg 
t, 

MfBv' 'J □ (3) ©±fcV-X*« (11a) Si^ 
FK>H (1 lb) S:^-rsXigt**-r 5r i 

mxmi 6] MiBAuoa i (1 7) ft»»frr*Mffc, . 

30 SiOj, SiON, SiN©^f n^iOScSlftlWS' (1 6) S 

^-rsxs^tjjit^sti-rsw^fli 4. 1 5 

7] «fii»tt«# (1) ©±ICV-X«ffi (3 

1) stfFMvti 02) *j&tf?rzxmt> 

ttft®m&&ft (1) . V-X1I (3 1) 0HH 
>m@ (3 2) ©±IC. M««l, 2Xtt3E*©^ffi 
lc«kt)-7C^*«#l (3 3) S^>Un>8S (3 4) 

s^-rsxst. 

gE->»j3»!S (3 4) ©±!C*S»I!S (3 5) S^LTy 

-h«ffi (3 6) zMfc-rzxutm-rzztz®®. 

[^M©l¥iSi7iaftM] 
[00 0 1] 

[*^±©fijffl4>»] MMMtm ->'J3 

s. 

[0 0 0 2] ifi^, Sih7>W («T. TFTt 
^©ffiKjjU^ttT, ffiffl$tlSi5lC*ofc. i©i 

50 ^^^aa^/t^^tt, w^feanjoRft^ni^flMi 



if 



3 

[0 0 0 3] TFTIt IS3tf7XS«0±IC7MJ-y 
[0 0 0 4] 

[«*©&«] «*©TFTt4. CVDfelCiO^^^ 

zr< «ae&i(sstto «fc < u 3 

[0 0 0 5] 

[0 0 0 6] CftlCftbT. ifta©M8}9*fT9TttJI 

[0 0 0 7] *jfc, ««»«±K:#B*3/U:3>»R 
l/-- tf- 7 =-*fc J: 0 -g4Kte*IIMs * it tt»» 

[0 0 0 8] *55W«J:oJ:5?SKiac«*.T»snfe 

S & A ©*gl»BtoSFifeft -> 'J 3 t -> 'J 3 >»R 
h?>yx*©«fi#ttfcil«**cfc*B»i , f*.. 
[0 0 0 9] 

[■W**»T«fc*©*a]' ±32BIS«. KT©(1) 

(1) HI. 2K«w"r*J:5lC. =5aWfR*IIMtr* 
SK^ £SU* tc-^tr 2 ?<!>£HftCS* 1 *SfEfc»-r 

mmmmz ± o , ta«# i ±ir-7c*u»iig 2 

ftU o^TKz:7c^tt^K2©±lc->U3>|g3* 

[0 0 10] (2) HI. 2IC^-r^«t5tC. MtH— % 
2 ±^© zs U n »g 3 cDjsfcfitt, Mf2=:7c?S« 

[0 0 1 1] (3) HI. 2lCtBJ^-r3<fc3K. 1912=70 
*ttfM2«, AhOs £££#®£T2>(1) 12 

tt©*K»j*£&K J: 0 SlST 5. 
(4) HllC«jR-f*J:5K, iWB=56*tt*M* 2 14, I 
iitfi, v*©5E*J;0fc***#KT**!:i:*1Mkfc 
T*(l) !2*©»IKJg»«*fefc < fcO^-r-5. 

[0 0 12] (5) HI, 2C««-r*J:5C. HUBS' U 



(3) &K1¥5-1 0 2 1 8 9 

(6) HlK«l*-r*«k5K:, MC«Sfi->U3>R2, 3 

#affl«^sic«toff5^i^#ma:-r5(i)i2*©i» 

[00 13] (7) m7\z&m-?Z£?\z, S*1©±(C 
Si0 2 . SiON. SiW^-rtlfrkOnzfafflfcl 6£J§*J*. 

Iff 2^©»HftK:2aSfc«-rB¥B*WftKJ:^T«WaiB 
IK1 6©±lCAh0 3 Ml 7&J&BU O^^TKAUO 
s Rl 7©±tC->'j3>Ml SZdL&fZZitZtoWLt 

[0 0 14] (8) HI, 2, 3lC0»-r£<fc5fC, 

lS®-rM^l**fetcJ;0, ^S«l©±lcAh03 Eg 
2 %tbh\z, 7;V33^A£#trgB^TK 
Ah 0 3 R2. 12©i&ft£:l&7U 3<3"V>T&S«1£ 
*«fc«-r:iifc<, ttAltOi R2, 12©±lC^-> 

[0 0 15] (9) H3C«*-r-5«t5lC, SSEAhOsR 
1214. ISlC^U3>m 3©»j*«MlCfW6Sn«* 

3(8) Ett©*iR»J^£lcJ:0]trin-«. 
[00 16] (10)H3tC«SJ^-r5<t5fc. WI27^S- 
9A^£#Xtt. Al(Ca)i-e**Jltft1«HtT*(9) 
G4R©*K»A^icJ:0»j«-r«. 
(1DH4; 5fcfl3Sf ■S.fcSfc, ^tc^^©^^©^ 
50 *©-*i:«DSr*«Slc^**»^»ft[inlMM[!J«JW:« 

1 ©±KJ|&S 2 0©E^@14 a~14d fegS&BUrf 
*iat, WB«*©*H»*»6«DiaUfcWB»»l 

©»is»icxstc«-rs^eit«tttc e koTWKii^e 

14 a ~l4d ©±fc=7c*WWJi fcj**T*lS**rr* 

[00 17] (12)H4, 5K«*-T«J:5K. (H)f2« 
<DJ3& \z «fc 0 ^£ftfc=7c£*mJI©Jhi::-> 'J 3 >R 

[0018] (13) H 2 K«jSf 5<fc 5 IC, (-1 0 1 2) 
fflfc«*fiI^UT»*Sn*AliOi «2©±fc, (10 
0) ffl(Cffi5feB2[fiJLT->'j3>*t«()i$nTV^^i:* 

[0 0 19] (14) B 6. 7, 8fcf|jK-r*J:3& (1) 
, (2) . (8) , (9) X(4 (12) E«©»ftlC±oTS 
#l©±(CAh0 3 K2&5>LT->U3>R3£^-rs 
XSt. iill2v>j3>R3©±lC'7 , -hSe^R4S3>U 



-557- 



5 

nmomftis u 3 >si 3 icv-xg 6 p w >b 6 
sxg t srr* - 1 tf * ->u 3 >m 

[0 0 2 0] (15)09, 1 OKfll^f 5<fc5K. 

(2) , (8) . (9) X« (12) EBoaflclCfcoTAhOi 
>»«3©±ICV-X*ffil 1 aWFW>lll 1 

[0 0 2 1] (16)07 . 8 , 1 0£fflK-r«J:5C, 13 
IBAhO. Kl TjfcJMFJV&ltfc, Si0 2 , SiON, SiN©^ 
fn*»J:?)fc*««Rl 6*»j*f *Ig*£t»Ei* 
tt« if * (14) . (15)fB«© v- 'J 3 >8Bt h 7 9 
©7M«FttCJ:D»W&f S. 

[0 0 2 2] (17)01 1 fcflsRf S*9C, 

i©±fcv-a«*3 l&tfpw >m«3 2&»j*f 

-1" >««3 2©±fc, (1) , (2) Xtt(3)S«©*j*IC 
<fc 0 -7C»¥«frl 3 3 Jfctf S" U 3 >« 3 4 *»*f * 
lit, tt^U3>«3 4 0±fcWMB3 5S^UTy 
- h€®3 6 S»J*f*X8£fc*f fcf 

*• 

[0 0 2 3] 

[ft* ffl] #8WK:<ktt«. HI, 2{Cf9^1-«,«t'5 
fc. 1 IcH^ Bttft&lc J: Dzi7c*H*«l 2 «Aft 
L/, -€-©±fc->U3>R3S:^fif 5. £©J;3tCfn 

«, iigatt©«tirv>u3>ifi3*t#sn*. 

[0 0 2 4] *&, rTcfMSI 2 ±T© v U 3 >g| 3 
©j£ft£. f fcff'3J:3fcffttf, fSffeCDXK 

**Sl2,iLT«, AhOa St, III ^iV»©7C^e>^: 
5^^#K^fef5, Ah 0 3 JBCtt*©B5feBfl« (-1 
0 1 2) fflT&D, *©±fctt (10 0) ffllcgftEffl 

UTieji«[©**a*isaxi4J|iisft©->u 3>k«»» 

[0 0 2 5] 2£lC, »^Bii«ftfc.fcO»ri5Lfc=:5E 
*»»R2©±fc->'j3>K3fc»rtf*«£fc, 

[0 0 2 6] fcfc, ^U3>B3©JIW«rifefcbTtt*| 

#<&o, cn»c«tn«, teflT?^U3>j£ft#pjiii;:£ 

9 , 1 ©B»©*8&WBJk3n* t 
[0 0 2 7] £&, 07ir^*f AUOs Bli 
7 ©TJ6 b UTS i O2 , S iN. S i 0N©iBjBd£ 1 6 £ J£js£f 
-?-©Ai»0a Rl 7*t (-1 0 1 2) BnlcMftffiftb 
Tj£gLm<&0, ^©±KJgf£S*U>->'Jri>SSl 8 



(4) #M¥5-102 189 

©KRjjra'&fcltUif*. 

[0 0 2 8] *»«TttHl~3K«*f -5 J: 5 
tC, a#lfcS^lift«lSt«tOAU03 R2&j&ftU 
:3"2V»T**lC»r £ i&< -E-©±lC«ga->U 3>K3 
*J«*f *J:5-lCl/T^*©T?, &&©ft*>ttAtt©ji 
^->U3>R3*t#e.n-5. £©«£, Ah0aBS2©« 
&©J&g£7;PS-£A££tf#fflSU;:ieLT^-5© 
^©±iCR©Slv-> ij 3 >K 3 ;M£ftSn£. 

[0029] . Sfc, 0 3ir^-r^«fc3(r, AI1O3 Ml 
10 2S^Ufc^tC. S^l*7;l/5r:>>A^^XlC« 
UttP&S'U 3>Ig 1 3 £Jg/£f ****T»»UTl» 
§©-??, *©&ffi^©te©7n*©tt»JWflifcSn*. ■€■ 
©7^5r.^A^fr#X£Al (CHa)a <fcf tltf, 7^5r. 

^£©Kjfc#£i;i:: <<&*), r;v33^A©fiEfi*s«i 

[0 0 3 0] Set, Al.Oa K©gmtrt|±f*fc»iC 
te, *#<!:©IWK«i#£3?T&S. £©*£, 04, 
5(C«^f •5±'5(C, «8c©£jfc£TAl 2 0a BI©*J83© 
»K*B14a~14dft»j*f5J:3fcf*i:. ■*© ' 

20 mmmm^Kft-ormfi^unm-ifim^tu r© 

±ir»«f*Alt'0i Sll 4t->U3>Rl 5©SIS*t$ 
^(C[Rl±f s„ 

[0 0 3 1] Sfc, 06 ~1 OlttfJ^f •5<fc3fc> 
*ltafefc«t 0^7C^»»SI©±©-> 'J 3 >SI*?^ * 

t u & -> >j 3 >mm b y yv* >? t, 

■€•©««©*+ U 7 ©&»£***£ <fcO, >9>3>^ 
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5©T. «#»AlIi*tlJ"r&B*<**. *©&tt'Kttl 

3 0 0\:iSS©WjaaiSff5c:ticjS-5*t, ;r©flS£ 
#t«#7X2« 1 s:«»*t«iic*c*©-eaaT!ft 

[0 0 4 8] *£T, *©J:3tt*»©jDllW^ftff3 
Cta<Al©*lBSi1l#Cfia*Lfc**T5'U3>*rt 
*S***ifeS*2©*!6«tLTDlWr«. 0 3tt. 

*%^©m 2 uss^s^-r > u 3 >mmxu&m*m& 
esffiffl-rs. 

[0 0 4 9] *f, * llOt«!tH*fc, ^7XS«l 

t. ^7X»«iS4 0ot:»cins»u 

40 XPi »C±0 5 X 1 O-'TorrfcfcaSTSMSrr*. * 
»C, ^PVi SBBHT7;V3*>)!fX (Ar) S5 0 0sccidSS 
U 0. 0 lTorrfc?45J;5C* , J7-f X#OFSWfiUT 
7JP3->#X©56?ir«J£fe.&. 
[0 0 5 0] #Va SMUT, ^X*APNa 

55 LTA1 (CHa )a * WTCrAfcttATt. 
ae>(C. ^fVa S«t»T. 2 O-CKflio S# 

x#apni sauT*«» abo) ss*^-^>/tc 

0 lTorrlCilSj^-rS, 
50 [0 0 5 1] £©«•&. 7;P3*>^7.©!tS8f£ICit>T 
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Ai(CH8) s km »«*g^w^n-?ni#t^u 

»RR±©Jtf5A»RlftAt<CHi)»»HRiHtO 

C«fcO, #?zaS«l±ltfW5-0-0A©#»»Xtt¥ 
ijgil© AUhR-1 2S^fif-5 (0 3(a)). 
[0 0 5 2] £0«& v j£ftaJMIttl(CHi)i3BBA& 
LT AhOiRl 2©R±R12n&Algfc-r*. £©& 

t. r^r^rrro^vi *au, $v>t#vi . v 

2 SHU, n-Hnyi;L<£M^T^7X*«l£^7 
XTCVDRRORjfc^irWCC* KRRUTfrS. H 
tfo-Hoy^LSBM. uroR'S. BHRLfcWtfX 
RAP SSbTSf&^-V >7tCi rttCAl (CH 3 )3 £$AL 
fcttfifc-rsttfeC. ^7XSfil £ AliOiRl 2© 
RJtRJEJ: D fettWUK. «Atf3 5 OTJCRRfcRR 
LTAl©Rfiftti;a*»:V»J:5C-r*. 
[0 0 5 3] 03(b) B. ALDgl*e^7XYCV 

Dgsic»si$ns^7x*« i ^H©^fflat£*-r«E 

BSETJ&oT, A'liOs Rl 2©»±Hl2n©Al®te, Al 20 
[0 0 5 4] ^XvCVDRRfi'vOAKCttOs 

■nxom\*w±htz.mz. t#v 6 smut, 

SSSl.0sccm"CS'5> (SiHO .. 5 0 0 sccmT-Tk^ 
Ob) ftRA'TStt.'bC. RRRRfcSjBOICfcR* 
T5. *fc. KR?V>rtftEj!jftO. 5Torr. 
S2 0 0W, ttRI$ffi£3 0#£LT. AltO»RRl 2© 
AlRl2n±,CRS 1 0 0 0 A©*gfiv-'Jn>Rl 3£f£ 
Sf* (03(c)). 30 
[0 0 5 5] £©±5ICR«Lfc AhOiRl 2±©«ft 
->'J.-=i>Rl ■3©RR*R*cfcfcJl3, RR8©*gft 

*«***»*©* 5 fcRatt©Rir» «>©*»* &n&. 

■tUT, AU.OsRl 2 iRR^'J 3 ©J&gffi© 

Rft*ttftR^*t. AI2O3RI 2©^fc<'fct>-«fc 

(-1 0 1 2)K©Rjfci2iRiai£i;, ^©±©^a^'jn> 

R3IC (1 0 0) R©RjHErt»*J!.Sttfc. 

[0 0 5 6] AhOsRl 2±©«6Sv-Un>Rl 

3©j£ftri, Rl^RWil^fc, iECVDft J fX/'( 
y ^)*IC«t 0»Rl/T"b J:V>«t. )?7Xlfi 1 £->7> 
tf^SBS+CBOlT-te AUO3RI 2±H©A1112n 
£A1 (CH3 ) s ©#H«(CISLT*< &Rtf&«. 

[0 0 5 7] (c) *KH©R3Rlfiffl©K9i 

5.lca<-r^>fc»i)l*B, Sffii©'vrC]#H£&$?l;:ir 
srt^ms-eso. ^©fc*ic»fi£R«]^©*fr&ji; 
RiciWR-rstt'bfc. *n«R©i*R*#e5fcSb& 

[0 0 5 8] tCST, l'P©5^V>A'Ci £*-T 
^BLfcR^RRRSRfcltTttftfcbifctfattR. 



(6) #H¥5-102 189 

RttRlX. *©*i:Ttt^DJHIifcft<-J-*j:fcat 

[0 0 5 9] *HT«TC. R3©RRfl£bT. RR 
RMRft©Hffi9MA:ffR»R£R*RRT«. 04 

». *RR©R3RR«*ji*-rRRRRHTr» *©-« 

ICtt0 1 CwtR^RRRRRi^XTC VDRR* 
ttffl-T*. tl/T, R*R«RRR©5fc:/?;CYCV 
DRR£R»ttfc». Rl~R4©K£RC,i~Ci4# 
-tn*nn-HnyjrLii~LM*^bTRCRRa 
n> *©55R ; FR*«SRa»&R'bRnfcRl©fi* 
£Ciil£«#7X»«l£»£&»jRR PFR*) 
tWtt-5&ft©n-x4 >^LD*tD-h'P7^LD 
Sfl-LTBRSnTlr**. • 
[0 0 6 0] ^— ~mB3©S^Cn~Ci 4 (i. 

#Vn~Vi4SWr4ifX»APNn~Ni4-, 
&©$fg <*H*> . RRiDRR (*H*) 3?£gflSL 

t*5D, *Ej&RCu~Ci4rtctt, ^n-enn-f^ 

>^LDA^JfiViRfc H2O, A1CU. H2O , AKCHaJsfl* 

icRRsn« «fc 5 K«Ranrt>«. 

[0 0 6 1] tt*, R^RRRRRftlfc/SXTCVD 
RRKfcttSfifc^irWtC. , C2 fc©#XRA*S 

«iD&i&a^©tt&#«>g 2 RRRfcR^fc** 

*. JiEL&RR*ttRl/T*r?X»RlfcAltO 
3 R*»Rt«XR*RRT*. 

[0 0 6 2] *f, n-er-f>dfRLDrt©»RRRR 
* (?FH«) K;tf9X*Kl*RRU -tORrtftlx 

1 0- 6 TorrST«*ffiUfc««C, R— ©RRRCi i (*30M 
iCRW-fcn-HnyJrL«Rl/T<f5X«Rl*R-© 
SRRCiitcRRI-4. ' 

[0 0 6 3] *LT, R— ©EJfcRCufcTtf^XRR 

1*4 soictRRU *©rr,ch»o £2 8>wislt 
-t©±Rir*R ootRR moTtm^^m^^ 

(05) . 

[0 0 6 4] &ft©n-Fny£Ln«RLTR 

=:©KJ6RCnl^5^S«i*«2IU zoti^xm 
«l*4 3 0T;Kl/fc«RT, *©±R*1. 50MA1 
Ch KRUT. RRTftRSnfc HClftRRS-ftft.tt 
t>tC^7XS«l±ffi©R3S (O) R14a©±fcA.lRl4 
bftRRf* (05(b)). iltT, Al(CH3)sTyi<AlC] 
3 «fflV>fc©tt» Cl«t£R«RRS««RRi»t»«^6 

[0 0 6 5] ^a©D-Hny^LuSabTR 
H©KRRLi»t:3tf?^ai«l 4RRU -€-©fi«S4 

2 O'CKM&UfcttRT', -?-©±fflSlg>W HjOIC^L 
T. A1114b©±tcR#LTlr>fcCl* HCl«»:bT#^$ 
#attt>CAiRl4b©±iCOR14c*^-rS (05 
(c)). 

[0 0 6 6] ^©^IC. *fflP-HD!/i7LnSilT 
RPH©ERRCi«fc»7XlS«lftRRU ^©»«fi 
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tf^lCCKU ^©±©Ofgl 4 clCAKCHsJafcl 

fMBMMtu *v>±\zA\®udzm®Ltcmz. ^a© 
1 *««■*•*. 

[0 0 6 7] c©«ic. %2%Mmtmmzi.To®-Bi. 

tfAl)B£X5ICfflftBJBj£U «HJBtUTAlll'4n 

*»di-r*. c©t*ic, j*££$e>-ficsg2£S60ijiifa 

•CUT. X5XvCVDgBtC<fcD*i!hItr>ij3>Rl 

5'*ioooA8flE*drr* (05(D). • 

[0 0 6 8] fiU»"Cfc*3.ir. jff5Xa«l£©JWI 
iC&ttfc&ATOJlMa, 14bi:AIJfl4c, 14d©4M 
^JBftSrtl/fcftfc. HjeUfcftfr"COJitA!Ji*»J« 
#5XS«i©±K:#j«3ft*Aii0i Ii4ro 
RR*»fi<&0. (-1 0 1 2) ffi©ffi$fcEArtt£e.K£ 
CA<ftO. Mi-'Ja^il 5© (10 0) ffi©«ft 

Eiaw«ftc»<a«. 

[0 0 6 9] fc:fe> &KJ&SLn~Li«©S«iI«^© 

Rfcf*. 
(d) *S5W©R4£iS0!l©IttH 

[0 0 7 0] 06 (a) fcjRfWRHtt, 0 2 (b) 

TNfc*. S. 06(b) (C^T«t5(C. X^X 

7cvdsi:j:d. ^-bmmttt^mtsi oooa 

©Si0iR4*»Rf*. S«iIS3 0 

0*0, ->7>(SiH 4 )tSM2 Osccm, SRfcRRQbO) ifii 
12 0 0 0 seem. BttO. 3Torr> 1 0 0W. ft 

mism 5 noy-uawm. x/vy^s. 

[0 0 7 1] 06(c) ICSf«t5lC, tUXx^ 

(Mo) fcX/*y*ttfcJ:D 5 0 0A©RSfc»RU 7 

S. y-F««5&VX£H;:UrSi0!R4*Xy3 1 >y 
N&L *©&. U> (P* ) -f*>ttAU »«/-*• 

[0 0 7 2] 06(d) C^f«t5lr. JlMtftft 

&tLXmZ3 0 0 0 ATSi0 2 R7£J&l£U ^©SiO* 
R7fi:3>*£ h$©M?l8£Jg(£-f£. 06 
(e) tefl*T«J:3C.- XrtyjrRC^Djre 10 0 0 
A©A1**RU *n*A^-r>yUTV-^M9 

[0 0 7 3] W±©<k 5 \Z LT5£j££tlfcXW-:*-S!T 

f t ©y- h mm 5 ©t©r»-> u 3 >« 3 ©RR**a 

[0 0 7 4] <e) *XH©R5Rtttq©RH 



(7)v. #&8¥5-l 02 1 89 

1.2 

±EL!fcll4©RRRTMi. #?;*»8©±fc, 11$ 
' JSWC^-fAhOs R&KRU *©±fc*Sft->'j3>R 
l/iy V-t-ST F T SMlfe^, #5XS 
StAhOj Kt©M(CSiN. Si0 2 . SiON^©R£AttT 

[0 0 7 5] *Z.TX.\Z, m5o&mmtbT. #7* 

s«©±»c sinr, Ai.tOi rsrcrru *©±ct 
10 to 0 7 6] sr. •75X-?cvDmwa>&.fc?*>rt 

Ci rtC#5X3«l*««U 0 7(a) 
fc. -€-©±t SiNRl 6 S3 0 0 0 A<om2 \ZWtiL? 
*. £©»&©RR*frtt.. ^7XSfil £i§«4 0 0 
■CICftlJSftL, SlSft^Cj 0sccm» NH 

s SlOOsccnu NsS;2scciD©ST3SA-r-5. Sfc.'rt 
0 OPa. KlttUfSO OWtf*. 
[0 0 7 7] n-Kny?L£SUT#77.g 

iNRl 6©±C#iigSX(S*«gS©Al203 Rl7£Jg<£ 

©RJJBSAlRtr* (07(a)). 

[0 0 7 8] cfttcR^T, RSfcRsrcn-Fny 
4^L*atT3tf5^aWil*^9XTCvb««OK* 
ft>/tGi ItRRU Alt.Oi Rl 7©±tZfeft->'J 

3>«i 8**R-r«. mtnmmt 
mm\zVTmm*ioooAtt%. &*3, *gs->U3 

>R1 8fSMBECVD}£, X/^*RT?fe#R?JRTrft 
[0 0 7 9] fiUK±DW(6SnfcAli0i Rl 7\t (-1 

30 102) ncaftGiaiu *&. *o±oisa->U3> 

Rl 8tt (10 0) MlCffiJfcKfaTS. Jfcfc, X^Xv 

cvDRR©K«^*wtcii>re, jsffi->U3>Ri 

8©±lcy-hJej»RtJ5SSi0 2 Rl 9*1 0 0 OA© 

i#$ic^fi-r-& (07(c)). -e©BEs^fr«, s^ms 

.3 0 O'CtTSttfelC, SiaS2 Osccm. N 2 0 §2 0 

7Xv4fiEffl©ifema*& i o ow. nm.mm*5ftt 

U KlK7lr>/tCi W©E*£0. 3Torri-TS. 
[0 0 8 0] S:45, SiOaRl 912CVD& XAy^m 
40 XHJ»Rfl:jSfcJ:t)*R"r*!iit»-Tr**. X7 
XvCVDge©S^¥>AC 2 A^^vXSSlS 

(Mo) R2O&0RL' (07(d)), cn*7* hU V-i^ 
7 7><-fe«i:J;0/t^-3>ybTy-h«S2 i«» 
^TS (08(e)). l«»)«bfc 
«C. Xy5F>^3tfX*a>LTSiO»Rl 9<bSltLT/t 

[0 0 8 1] C©^tr. y-h«g2 1 SVX^ICLT 
«$ (P) Ife-f^W >X5>5 L ->'3>UTV-X^2 
50 2fttfFW-fi'B2 3*»RbfcRe. RM*R4:** 
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Si0 2 Bi24*CVD}£^lCJ;O 3 0 0 0A©JP3(C^ 

®±lcn>:$'i'h*-;i/2 4a, 2 4b£J&£T5. 
[0 0 8 2] S&lc, ^y^ftfciOAlllSl 0 0 0 

0A^-->^UTV-xmffi2 5aiHK >€ffi2 
5 b£Jgj£LTTFT£^£;*-B:5. 
[0 0 8 3] 8U©J:5K, AhOa il70TK«ttO 
A^SlaNi . SiON. Si0i*ft»rtUTVi<5OT?, AI2O3 JO 

Ki 7©e*tt3fttfi<a5ttt>c, ^<Dmm\z±^n 

«»0**fflJ«0»rttt««»A<ar3T (-1 0 12) ffi 
*»«5teEl*lb«<fcD. ^©±lC^fi£$nSifefi->'j3 
>R1 8'©Wl«tS6KA<a:D, TFTfl^feWflli 

[0 0 84] ( f ) *%W<Dm 6 *tt*l©IR9! 

[0 0 8 5] 09(a) ~(d) tt, fX^^-Sy'Ja> 
»ffllh7>^X*£2iit'f £IglI0rffi0Tfct), fit 2? 

t, cn6oB«#i»i/*«»6i!i9i-r*. £1*. 0 9 

(a) fc*Tj:3lc. #?^]HKla±lCX^y^ttlCJ:D 
iPS 500A©^'JXx> (Mo) StBU 7*to 

[0 0 8 6] *©S*U. lb£0 1 {C^TJS^SltiaS 

[0 0 8 7] £TF. WjZ&©SBl©*JS0J£B1St::LT, 
S^la, lb±[CjP$4000A©Alj0 3 R2£ffc*L£. j$ 
*©MiKlilgik7;V5-^A^M^fflMtL-TAl203 R 
2©g±®IC(SAl«S:^L.fc= HCAUOa R2«V 

[0 0 8 8] OCM^T, n-FD<;/^L£BBV>TS#l 

a, lb£X5X"7CVDg@©J|£3^>nC2 Kffijat 
U «~F, i95fiO«loaEl6«tH*fcUT, 09(b) 
IC^-fiSK, AhOa Jg2±ICj?^1000A©i^Si->U3 

ymzntio 40 

[0 0 8 9] mz. X^XVCVD&KJ;?), 09(c) 
rCjRT«k5K:3>** Y-mtteZmZ 5 0 OA© n* - 
SIM1 0£j£i£T5o MtfL&ft\t, ->7>fii£*3 Oscc 

b. *^S5M500sccm , -fax? 4 >figft 1 seem, JBE^IT 
orr. 200W, M®fSPig5#T<feS. 

[0.0 9 0] -D-l^XXrtyZmz&Qy-^ . HH' 
>«ffi£ft£Jii3l000A©T ill 1 *»*ra. »j« 
A r SStS50sccm. B£*0.03Torr, iJtUft* 2 k 

[0091] mmz. 09(d) ic^t-j^ic 50 
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±©T iBtl ltn' - Siffill 0&Kfc&i*>Xy? 
>^fcJ:OXy?>jfbT»*U 3>??>@10a, 
V -7.mSlla , >«ffill b Sr^f -5. 

[0 0 9 2] r©<fc5(CLT. a»X*:«f-g*>ij3>|| 
Ih7>yX^*«^U ffflTFTIt Mf4$ttfl£ 
»M^S&*bh5>5>X*tttt©«fcV>'l>© 
• 

[0 0 9 3] (g) *56^©»7^tt«©KW 
±E L fcHS 6 £J6fl| icjpf 2»X * #-g TFT tt, y- 

h**©±KAIiOi R^^Lfcfc©T*5^ H5£ 
Vmtmmz, AhOa ffil©Tiffi£:LT SiN, SiON, Si0 2 

[0 0 9 4] %Z.rX\Z. JS7*lt«tL-T.-Al»0i R 
»C, ^7X1S1 a©±fcy-h*ffil b£J6Mi£b&& 

\z, %5mmmtmv&5ts.&mz&v. x^xvev 

DS^KioTtf^XSfcl a©±IC SiNRl 6S3 0 

0 0 AOKTCICJijfrr* (0 1 0 (a)). 

[0 0 9 5] OUT, JfSSgftM&RlttK:. #7X*IR 

1 a SffI*»gfi©SJ5ft >ACi 1C#18!U Sg 

5 mmm t ®mu&mz & o , sm 1 6 ©±icr» 5 

0 0A©m^ffiX«^S© Ait0i : K2«ffj&l (01 
0(b)), ^ntC^TX^SS^-ffcX^XTCVDg 
■©K*?*>ACt fc#7X£«l a$i«2iUT, IB 
5*S£W«i:ra«^*fr(wJ:DifeS>''Jn>R3S;l 0 0 
0A©W${C^-TS (01 0(c)). fc*3, ±El,&* 

mrctt'efc&HWc Ai2 0aR2©«jiis*Ait : r«.. 

[0 0 9 6] i©J:5i:MSn& Al20 3 R2tt'>^< 
•t"b-««» (-1 1 0 2) BiKflBfcElRJU *'fc..*©± 
©tt*5"j3>«3tt (10 0) ffif'fiJfeeiBjTS. & 
fc. 010(c) ic^Ti^tc, X^XvcvDStci 
0, ny$t> hBt^cSJPc? 5 0 0 A© ir - SiRl 0 

>€ffit^-SJi$1000A©T ill l£Jg(£-r-5. Jltl 

6©R©»*«ff 6 mmmizTfs-r^izis^r^. 
[0097] ft&ic, y-h««ii b©±©««ii»«. 

T iBU ltn + - SiRl O^SlStt-f^^X^^^ 

11a. Hl^f>«SUb«^J«f%. 

[0 0 9 8] C©«fc3trLT, jMX^^-STFT*S^ 
-?-©TFTJC*vni, SiNRl 6ST*(CUT 

AhOaRl 7£^LTV>-5©T?, m5^JS0!lTiKML 
fci 5 JC^S-> 'J 3 >©im«»a 6 lCffl±U » 6 H« 

[0 0 9 9] (h) **W©*8^!fi«f!|©RM 
±ELfcm4~^7©^ffi«sjTtt, i^a->'J3>R©T 
^tbTAhOa RfcfflUfcrtt, Bl^JSWtiJiWLfc G 
aP, AlP*©J:3a:2 7C*i|iJWMJ»ftaffl-r*tt*) ' 
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[0 10 0] 01 Hi. m8^JSWO^^^-STFT 

oT#7*g« 1 ©±llRJP5 0 0 A©AlR£)gfi£Lfc 

£fLT7-;*Sffi3 1 tFW-<>mffi3 2£^J5fc-T£. 
[0 10 1] ^7T.S«1S:01I^1-J:5^1S 
^UffflgfiWEfc^WSCi fttClBgU 7^3> 

#7. ^ffltnx * Hug? t£* 

PFH*) iCI&tttt*. 

[0 1 0 2] -e-LT, ££RR&4 0 OlClCimjS&U * 
-##>XPi iCfcfl 5X 1 0- 7 Torr*T£mU 
If, #Vi £gg^T7;V 5 0 OsccnSEU 

0. 0 lTorr»C?as«t5IX*'J7^X#0F£iElStT7 

[0 103] #Vi £BB^TGa(CHa)»«:#X 

«AONj »etXl. 3V>T> #V 3 SrMtiTPHi * 

#x«apns ^<=,£A-r*. d©8£, 7;u3">#x 

©JgftiftlCioTGaCC&ih t?m \$m&lst3;^. Z.om 
©SJS?r>ACi |*,©X3S&£0. 0 MorrKlRft-r 
5. 

[0 104] ^nt«fcD. ^9XS«l©±ffitC«, /I 

*©«»fcWli. *tl^ni*J>£U A-vlfirM 

[0 10 5] me>©^J&S2 0 OlHliliOjELTSl 1 
(a) tC^f i 5KRJP5 0 OA ©GaP 13 3 ZMfc? 
•5. 3V>T, »££&srica-Kn-;/7LfcjILT# 

£U GaP 13 3*T«6lCUT!lSa->Ua>Bg3 4£1 

0 COAoWSKStl-r*. £©«£©-> U 3 >fKR& 
frri. Sl£i&££4 0 Or, Si&fc 1 Osccm, H2&5 0 
Osccm. JEfrfcO. 5 Torn Jfc«®:fc£2 0 0W. tkWZ 
KS3 O^tTS. 

[0 10 6] y-MMHR£&«Si0iR3 5£X 
^XvCVDSlCkO 1 0 O OAOJg^lC^fi-TS. -t 
©Si0jR3 5 ©$£&#«> g«iag£3 0 0"C, SiH« 
&2 Osccm. N?0 £2 0 0 0sccn©ftT#M&U Sfc^ 
fWtCi. rt©EEA£0. STorrC-TSttfetC, 7*7 
XT»*ffl©«««**l 0 0W, {-©RRBHtSft 
if*. 

[0 10 7] H©«k; (Mo) R&X/V;* 

8CJ:D 5 0 0A©R3IC»RU *OMoR*7*HU 

y^57^-feic«fco/^-->^b. y-ziia 1 

1 H U"f >tgffi3 2 ©WORRKMoRSRffSitTIlft 

[0 10 8] CO^^Jtf-fflTFTC^^Ttt." 
?l/RR*»RT*S' U 3 >R 3 4 ©Tift<L LT±8B Ufc 



(9) ttH¥5-102 189 

iff 

jMfclCfcDGaP R3 3*WJ«LTV>*. ^©GaP R3 3 
». EM&tfllK. L>fct>. ->'J 3 
lCjfiV>©T> ^©±IC^S-r5->U3>R3 4«^#^ 
tefle£ft"3#ifcSBift*. £©&«. $/>j3>R3 4 
©fv*M«SI5^t'J7©^W, GaP R3 3 

[0 10 9] &*5, ^S->'j3>R3 4©T*iL/Ttt 
GaP ©telC. ->U3>t*?SR*«ifi^AIP ^©^76* 
iff i|i«||:0R€RTRJMIRlCj:DEAtt«R<l/TRR 
L&fc©£iIffibT'b«fc^. 

[0 110] fcfc, ±fBLfcjKS->U3>R3 4 J f>y- 
H6RRffl©SI0iR3 5fc^^T©Rft*F*tt. 7*?X 
VCVDifefcRSfcOTttftX; MJEECVDfc 
^RIVicJ:?TRRl/T l bJ:V). 

[0 111] 

156W©»*] «±R^*3fc*RRlcJ:ntf. £# 
•cR"fR*ttttfc±D=S»#«R*R*U *©±fc 

vU3>R£j£g-rs. ^©.t^fc-rntf, &*«©* 

# ViJ/U3>R*#SCt*i"CS*. 

[0 112] =7E*tt»R±T©5>U3>R©R 
RSS«6"j*Kff3±3K-rntf.-fl*©!S:t»tS 
fttt©AV»->U3>RS»j«-r«i:t)J«T€r*. *©=: 
7C*»»RtbTtt. AI2O3 R. Ill RiVROTcR* 
6&«¥RftR«tf&Q. ^©«5feEl6ltt (-1 0 1 2) 
ffiT. -t©±ICB (10 0) ffilcRSfcEfal/TRSIfc© 
*#tt*ISaXH*ISa©->U3>R3WBRT#S.'' 

[0 113] SSfc, R*R*RftfcAD»*Ufc=5G 
RttRR©±lC5/'j3>R*»*f6«*K; RfHUE 
30 *4 0 0r&TfcUTfcJftR&R#»R-3m6©"C. » 
#©R»*»RT#*. 

[0 114] ^U3>ROR**tttUTttflA 
tf^9>t*«**ttifXftfflt»fc^9XTCVDtt3il« 
3b JO. Ztl\z&ti\f. filTx 'J 3 ytfi&tfBmizu 
0, S»©R»©**ftKr± , r**. 

[0 115] AUOs R©T«fittTSi0 2 . SiN. 

SiONOjftj&RS^-fSt, *©AhOi R# H 0 1 
2) fflK«fcB«l/rRftU*<ft«J, *©±CR*a 
n4->U3>RORR«*6t:i*l±r*Jlt*tT?**. 

* [0 116] St, *^^Ttt. R#icR7nRRRiC 
iOAhOs R«RftU 3^T*Mlr«-rJlta:<-€: 
©±K«£ir> 'J 3 >RSrfi£«r4<t 5 K l/T^*©T. 
ff»©ftVi»»tt©A^->'j3>RftR«Ct«fC# 
4. r©«-&, AI2O3 RoftRoRfiftT^Sri^i** 
•&^H^IC@LTV»-5©T. r©±lcH©fi^vU3 

[0 117] AU03 R«RRb^R(C. Sff*7 

*3r.«>A^*»XfcRtft:«»6">'j3>Rft»R-r* 
««*-CR»UTl»*©Tf. -?"©Sffi^©ffi©7C^©# 
50 ■5-©7;US3'7Ai^r#XS:Al(CH3)s 
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[0 5] ->y3>»B©«£l6©m3fl£jjvrBrffl0 30 
[06] ^W-^->y3>f||Bh5>5?X : J'©»l«a| 
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